Lack of methodology to assess taste in children limits its measurement in research studies that include pediatric populations. We used the Monell 2-series, forced-choice tracking method to measure sucrose preferences of a racially/ethnically diverse sample (n = 949) of children, adolescents, and adults. Reliability was assessed by comparing the results of the first series with the second series. Validity was assessed by relating participants' sucrose preferences to their preferences for foods varying in sweetness. The task required, on average, 7 presentations of aqueous sucrose solution pairs. Children and adolescents preferred more concentrated sweetness than adults (P < 0.001). Black children/adolescents preferred a more concentrated sucrose solution than did White children/adolescents even when gender, parental education level, and family income were used as covariates. Data from a single series were sufficient to detect age-related differences but insufficient to detect racial/ ethnic differences in sweet preferences. Level of sweetness preferred significantly correlated with the sugar content of favorite cereals (P < 0.001) and beverages (P < 0.02). This method is brief and has evidence of reliability and external validity. Although a single series will yield useful information about age-related differences in taste preferences, the 2-series version should be considered when differences in race/ethnicity are of interest.
Introduction
The sense of taste controls one of the most important decisions animals make-whether to eat or reject a foreign substance. This sensory system is acutely attuned to the ''basic taste'' qualities, classes of perception that specify crucial nutrients and are detected by specialized receptors in the tongue and other parts of the oral cavity.
Hardwired from birth (Ganchrow and Mennella 2003) , humans seek out sweet foods dense with energy, salty foods dense with minerals, and savory foods rich in proteins and reject bitter-tasting toxins and unripe sour foods. Intimately connected to ingestion or rejection of foods, taste contributes to weight loss or gain, other forms of nutritional deficits or surplus (Mattes and Cowart 1994) , and a number of illnesses, including diabetes and hypertension (Hooper et al. 2004; McKeown et al. 2004) . Although humans generally initially like or dislike the same taste qualities, individuals have striking differences in preferences and sensitivity to each quality. Taste varies with age and can be affected by early experiences, genetics, race/ethnicity, medication use, nutritional deficiencies, metabolic changes, otitis media, and addictions (Bacon et al. 1994; Levine et al. 2003; Mennella et al. 2005 Mennella et al. , 2010 Hayes et al. 2008) .
Despite its importance in nutrition and quality of life, we lack appropriate and validated methodologies to measure taste sensitivity and liking in children (Chambers IV 2005; Laing et al. 2008; Mennella and Beauchamp 2008) . To address this gap, the National Institutes of Health (NIH) sought an appropriate method for children for inclusion in the NIH Toolbox for Neurological and Behavioral Function (Gershon et al. 2010) , which is a collection of brief assessment tools for clinicians and researchers, with emphasis on measurement in epidemiologic and longitudinal studies (Hoffman et al. 2009 ). The NIH Toolbox focuses on 4 domains, one of which relates to sensory functioning. The sensory domain includes developing a battery of tests to assess taste in diverse populations from 3 to 85 years. Hedonic responses to tastes are particularly important because many taste-related nutrition issues relate to acceptance (overconsumption) or rejection of foods and beverages (Hooper et al. 2004; McKeown et al. 2004; Duffy et al. 2009 ). Perhaps nowhere during the lifespan is this more salient than childhood (Cowart et al. 2004) .
Although there is a need for epidemiological studies of taste preferences to include children, several methodological concerns that are specific to this age-group must be addressed. First, children are more prone to attention lapses and exhibit response bias, so the method should not rely on sustained attention and should control for position bias. Second, children sometimes answer questions in the affirmative, so forcedchoice procedures are particularly effective (Schmidt and Beauchamp 1988) . Third, the taste bud area of the tongue does not attain adult size until adolescence (Temple et al. 2002) , so a whole-mouth tasting procedure is preferred. Each of these issues is addressed in the Monell 2-series, forced-choice, pairedcomparison, tracking technique developed by Beauchamp and Cowart (1990) and Cowart and Beauchamp (1990) to measure salt preferences and later modified by Mennella et al. (2005 Mennella et al. ( , 2010 to measure sucrose preferences.
The primary focus of this study was to present some psychometric properties (i.e., reliability and validity) of this tracking method by analyzing data collected from a racially/ ethnically diverse sample of children, adolescents, and adults. We determined whether participants differed by age in task performance. Also, because this study produced a large database on the intensity of sweetness most preferred, we attempted to resolve some important issues about the influence of age (Desor and Beauchamp 1987) , race/ethnicity (Bacon et al. 1994; Mennella et al. 2005) , body weight (McDaniel and Reed 2004) , and gender (Greene et al. 1975) on the level of sucrose preferred. We examined socioeconomic factors because sugars constitute one of the most palatable and low-priced nutrients (Drewnowski 2003) . Last, because many epidemiological studies require that testing be of short duration, we determined whether data obtained from only series 1 yielded similar findings as 2 series combined.
Materials and methods

Participants
The study population consisted of 356 children, 169 adolescents, and 424 adults who participated in research studies at the Monell Center from 2002 to 2006. Parents and adult subjects were recruited for research studies on taste preferences from flyers and advertisements in local newspapers and parent magazines in Philadelphia, PA. The studies either consisted of children aged 5-9.9 years and their mothers, adolescents aged 10-19.9 years and their mothers, or adults only. The adult participants were the parents of the children and adolescents (337 mothers, 2 fathers) or unrelated men and women (n = 85). Among the children and adolescent participants were 102 pairs, 9 triads, and 6 quadrads of siblings. Race/ethnicity for children and adolescents was defined by the mother's report of herself and the child's father. We use the term ''race/ethnicity'' because it describes both the genetic and cultural components of the groups in the sample (Sankar and Cho 2002) . Individuals of nonHispanic African-American and non-Hispanic European descent are hereafter referred to as Black and White, respectively. All procedures were approved by the Office of Regulatory Affairs at the University of Pennsylvania. Informed consent was obtained from each adult, and assent was obtained from each child 7 or more years old.
Materials
Testing materials included 30 mL disposable medicine cups (Fisher Scientific, Inc.); sucrose solutions at concentrations of 3%, 6%, 12%, 24%, and 36% w/v; a stopwatch to monitor interpair and interseries intervals; and distilled water for rinsing. Data were recorded on a tracking grid (Figure 1 ).
Procedures
Following not having consumed food for at least 1 h, participants were tested individually in rooms specifically designed for sensory testing. Participants were presented with pairs of solutions (5 mL each) that differed in sucrose concentration. The first pair presented was from the middle range (6% and 24% w/v; see Figure 1 ). Participants tasted each solution for 5 s without swallowing and then pointed to which of the pair they liked better, without instruction on how the solutions differ. Each subsequent pair contained the participant's preceding preferred concentration paired with an adjacent stimulus concentration. This pattern continued until the participant chose 2 consecutive times either the same concentration of sucrose paired with both a higher and lower concentration or the highest (36% w/v) or lowest (3% w/v) concentration (i.e., participant reached criterion). Participants rinsed once with water after tasting each sample and twice between each pair of solutions; a timer was used to ensure a 1-min interval separated each pair presentation. The entire task was repeated after a 3-min break, with stimulus pairs presented in reverse order (i.e., weaker stimulus presented first in series 1; stronger stimulus first in series 2), thus preventing children from reaching criterion response based on bias toward first or second position. The geometric mean of the 2 sucrose concentrations chosen in series 1 and 2 estimated the participant's preferred level of sucrose.
To determine whether the concentration of preferred sucrose related to children's sweet preferences in everyday life, children and adolescents were asked to name their favorite cereals and beverages because these represent significant sources of added sweeteners in children's diets (Guthrie and Morton 2000; Harris et al. 2009 ). They were prompted with the questions, ''What is your favorite cereal (or beverage) in the whole world? What cereal (or beverage) do you bug your mom to buy the most?'' A subset of adults (n = 326) were asked to name their favorite cereal. From the Nutrition Facts product labels, we recorded the total sugar content for each cereal (g/100 g) and beverage (g/100 mL).
Participants were weighed and measured for height and then classified into body mass index (BMI) categories following the Centers for Disease Control and Prevention pediatric growth charts if children or adolescents (Kuczmarski et al. 2002) or standard BMI categories if adults (NHLBI Obesity Initiative Task Force 1998).
Data analyses
Our analyses were framed around understanding variables, including age and race/ethnicity, associated with task performance and the intensity of sucrose most preferred (hereafter referred to as sucrose or sweet preference). We categorized participants into 3 age-groups: child (<10 years), adolescent (10-19.99 years), and adult ( ‡20 years) to examine agerelated differences in task completion, sucrose preference, and test reliability. We assessed the relationship between sucrose preference and body weight. For these analyses, we collapsed underweight and normal-weight participants into a single category because there were too few underweight children (n = 12), adolescents (n = 2), adults (n = 11) to analyze as a separate category. Racial/ethnic differences were examined only in Black and White participants because other subgroups were too small. Analyses of variance (ANOVAs) were used to examine racial/ethnicity differences in sucrose preference, which were further probed by multiple regression analyses to examine independent effects of race/ ethnicity, income, education, and gender on sucrose preference and on the sugar content of preferred foods. Centered leverage values were examined to see if some cases were substantially higher than others (Cohen 1988 ), but no problematic cases were identified. To determine whether a single series was sufficient, we compared regressions using the geometric mean of preferred concentration across series 1 and 2 with preferred concentration from series 1 only. Regression analyses of the preferred sucrose solution with the sugar content of the most preferred cereals and beverages were also conducted to establish criterion-related validity. All analyses were conducted using SPSS (version 17; SPSS Inc.) and SAS (version 9.2; SAS Institute Inc.) at a = 0.05. Post hoc tests were used to follow-up significant omnibus tests.
Results
Population
Child and adolescent groups were approximately evenly divided by gender, but only 7 adult participants were male ( Table 1 ). The participants were diverse regarding age, race/ethnicity, and body weight. Family yearly income and highest level of education for the adult participants reflected the socioeconomic diversity of the Philadelphia area (Bureau of the Census, USDoC 2006 USDoC -2008 .
Age-related differences in task completion and reliability Only 4 children (1.1%) refused to participate; 14 children (3.9%) and 1 adolescent (0.6%) did not want to continue after completing the first series. Among participants who completed both series (n = 930), the task required, across all age-groups, 7.1 (standard deviation = 1.1) pairs to reach criterion for both series and required 13-17 min to complete both series 1 and 2 (Table 2) . We found that age-group interacted with series in the number of pairs tasted before reaching criterion, F 2,927 = 4.23, P = 0.015. In series 1, adults required fewer pairs to reach criterion than did children, t 927 = 3.53, P < 0.001, Cohen's d = 0.26, but adolescents and adults did not differ nor did adolescents and children. Children and adolescents required fewer pairs to reach criterion in series 2 than in series 1, both t's > 2.22, both P's < 0.03, both d's > 0.16. The omnibus F test for series 2 was not significant.
Series 1 Series 2
Geometric Mean = √ (series 1 preference) x (series 2 preference) X denotes the 2 stimuli presented in each trial, and the circles indicate which stimulus the individual preferred. Underlining denotes the stimulus presented first (in series 1, the weaker sucrose solution; in series 2, the stronger solution). Response criteria for each series were reached when the subject either chose a given concentration of sucrose paired with both a higher and a lower concentration (top grid) or chose the highest (36% w/v) or lowest (3% w/v) concentration 2 consecutive times (bottom grid). The geometric mean of the 2 preferred concentrations estimates the participant's most preferred level of sucrose.
Our first approach to examining reliability was to determine the degree of agreement between series 1 and 2 (same rating, difference of 1, 2, or >2 concentrations); we found a small association with age, Spearman's q (n = 930) = 0.15, P < 0.001; agreement in adults was greater than in children and adolescents. Most adults (86%), adolescents (77%), and children (77%) chose the same or the next closest concentration of sucrose in series 1 and 2 (Table 2) . Sucrose preferences obtained in series 2 were higher than series 1 for 40% of children, 37% of adolescents, and 32% of adults and lower than series 1 for 24% of children, 26% of adolescents, and 19% of adults. As described below, further analyses revealed that preference for a more intense sucrose in series 2 was evident in only black children and adolescents.
As a second approach to examining reliability, we quantified internal consistency reliability (i.e., the degree to which the 2 series share common variance) using single-measure intraclass correlations (ICCs) with a mixed model to examine absolute agreement. Statistically significant correlations between the concentrations of sucrose chosen in the 2 series ). a BMI categorization follows the Centers for Disease Control and Prevention pediatric growth charts for children and adolescents (Kuczmarski et al. 2002) were observed for children (ICC = 0.42, n = 338), adolescents (ICC = 0.46, n = 168), and adults (ICC = 0.65, n = 424), which are medium-to-large ICCs (Cohen 1988 ).
Age-related differences in sweet preferences
Using the geometric mean across the 2 series as the dependent variable, a one-way ANOVA showed an effect of age on sucrose preferences, F 2,927 = 17.81, P < 0.001 (Table 2) . By pairwise comparisons, adults preferred a less concentrated sucrose solution than did adolescents, t 927 = 4.56, Cohen's d = 0.42, and children, t 927 = 5.22, Cohen's d = 0.38, both P's < 0.001; the latter 2 groups did not differ from each other. Similar age-related differences were found for sugar content of favorite cereals, F 2,834 = 49.94, P < 0.001. Adults preferred cereals with lower sugar content than did children, t 834 = 9.18, Cohen's d = 0.69, and adolescents, t 834 = 7.42, Cohen's d = 0.69, both P's < 0.001 (Table 2 ). Children and adolescents did not differ in the sugar content of their most preferred beverages, t 507 = 1.30, Cohen's d = 0.13, P = 0.19, or cereals, t < 1, ns, d = 0.01. Small, but significant, correlations were found between the participants' sucrose preference and sugar content of their favorite cereals, r (n = 818) = 0.13, P < 0.001, and beverages, r (n = 490) = 0.11, P < 0.02. Similar correlations were obtained when data from only one series were used, r (n = 818) = 0.10, P = 0.005 for cereals, r (n = 490) = 0.12, P = 0.010 for beverages.
Body weight relationship with sucrose preferences
Across all participants, Black participants tended to be in higher body weight categories than did White participants: for children and adolescents, P = 0.002; for adults, P < 0.001 (Table 3) . Body weight category was also assessed with 1-way analyses of covariance with race/ethnicity as a covariate. There were no statistically significant effects of body weight category on intensity of sucrose preferred for children, adolescents, or adults. Because body weight category did not have an independent effect on sucrose preferences when race/ethnicity was covaried, we did not examine it further.
Race/ethnicity and sucrose preferences Black participants preferred a more concentrated sucrose solution than did White participants, t 784 = 2.55, d = 0.19, P = 0.011. Because White adults had higher levels of income and education (Table 3) , we used multiple regression analyses to examine the independent effects of race/ethnicity, family income, education, and gender. Adults were analyzed separately from children and adolescents.
For the adult analyses, we only included female participants because there were so few males. We used 3 dichotomous variables to represent education level (<high school education was reference) and 2 dichotomous variables to represent family income (<$20 000 was reference). Education did not account for variation in sucrose preference, but income accounted for a significant increase in variance in sucrose preference (Table 4) . Income of ‡$50 000 was associated with lower sucrose preference. Covarying income and education showed no significant effect of race/ethnicity on sucrose preferences in adults.
For the children and adolescent analyses, the groups were combined because they showed similar preferences for sucrose, cereals, and beverages. Here, the education level was that of the parent who was tested and income was of the family. Race/ethnicity with gender, parental education level, and family income as covariates had significant effects: Black children and adolescents preferred a more concentrated sucrose solution than did White children and adolescents (Table 5) . Because some participants were nested within their family, we reran the regressions in Table 5 using ). a For Spearman rho (r s ) calculations, race/ethnicity was coded White = 0, Black = 1 so that positive correlations indicate a positive association with Black race/ ethnicity. Unknown data were not included in analysis. b BMI categorization follows the Centers for Disease Control and Prevention pediatric growth charts for children and adolescents (Kuczmarski et al. 2002) The unit of measure for the dependent variable is % w/v. *P < 0.05. http://chemse.oxfordjournals.org/ mixed modeling. Family was entered as a random-effect variable, and the variance components covariance structure option of SAS was used. With the nested structure of the data taken into account, we obtained similar, unstandardized parameter estimates and gender was the only significant covariate when the geometric mean was used as the dependent variable. For the data obtained from series 1 only as the dependent variable, no covariate was statistically significant and the unstandardized parameters were similar to those presented in Table 5 .
To explore whether sucrose preferences differed across series, we conducted a 3-way mixed ANOVA with race/ ethnicity, age category, and series with repeated measures on series. There was a significant 3-way interaction, F 1,782 = 13.32, P < 0.001, and a significant 2-way interaction between series and race/ethnicity, F 1,782 = 12.01, P < 0.001. A 2 · 2 mixed ANOVA with race/ethnicity and series for each agegroup revealed that only for children/adolescents was the 2-way interaction between race/ethnicity and series significant, F 1,416 = 21.47, P < 0.001. Black children and adolescents preferred a more concentrated sucrose solution during series 2 than during series 1, t 272 = 6.08, d = 0.37, P < 0.001; whereas the intensity of sucrose preferred in series 1 did not differ from series 2 among White children and adolescents, t 144 = -1.33, d = 0.11, ns. Boys preferred beverages with a higher sugar content than girls, even with maternal education, income, and race/ethnicity as covariates (Table 6,  right) .
For adults, sugar content of preferred breakfast cereals was predicted by race/ethnicity, with Black participants preferring cereals with higher sugar content, even with income and education covaried (DR 2 = 0.05, F 1,262 = 14.58, P < 0.05). However, higher education was associated with preferences for lower sugar cereals in the women themselves (DR 2 = 0.03, F 3,265 = 2.97, P = 0.03) and their children (Table 6 , left).
Is 1 series sufficient?
Age-related differences in concentration of sucrose preferred were also evident with data from only series 1 as the dependent variable (F 2,927 = 15.24, P < 0.001). Regression analyses using the preferred sucrose concentration from only series 1 were compared with geometric mean of the 2 series (Tables 4  and 5 , right). For adults, results with 1 series yielded a pattern similar to that with the geometric mean; income accounted for a significant proportion of variance in sucrose preference even when only 1 series was used. Using only 1 series, the effect of race/ethnicity for children and adolescents was no longer significant (Table 5 , right). The sugar content of beverages was measured in units of g/100 mL. d All but 2 of the parents are the mothers of the children. *P < 0.05.
Discussion
Here, we demonstrate several desirable aspects of the forcedchoice, paired-comparison tracking technique. First, the test can be used successfully in a racially and ethnically diverse sample of participants and across a large age range; the majority of children completed both series, and younger children were not statistically different from adolescents in the number of presentation pairs required to reach preference criteria. Second, the task was of short duration, requiring about 15 min. Third, using this method, we were able to replicate a well-known relationship between age and sweet preferences (Desor and Beauchamp 1987; Mennella et al. 2005; Coldwell et al. 2009 ): children and adolescents preferred higher concentrations of sucrose than did adults. Fourth, the intensity of sucrose most preferred in the laboratory was significantly related to preferences for sugars in beverages and cereals, which provides evidence of criterion-related validity. Thus, this technique is well suited to studies that examine age-related changes in taste preference and has real-world relevance.
In adult women, family income ‡$50 000 per annum was associated with lower sucrose preferences. Lower income individuals may consume more readily available, low-cost foods, which are often high in added sugars (Drewnowski 2009 ). Perhaps like sodium (Bertino et al. 1986 ), excess intake of sweet-tasting foods or beverages shifts preferences. This effect of income was not seen in children and adolescents, possibly due to the innately driven heightened sweet preference or perhaps because these children consume similar amounts of sweets in their diets.
The present study found no difference in the intensity of sucrose preferred based on body weight category of the participants. Although there is the assumption that increases in sugar consumption led to the increased rates of obesity, there are conflicting reports on the existence of a positive association between body weight and sweet preferences (for review, see McDaniel and Reed 2004; Bartoshuk et al. 2006) . We caution that more research is needed to determine the real-world significance of what we are measuring in the laboratory and how it relates to food habits and the emotional (e.g., analgesic; Mennella et al. 2010 ) consequences of eating something sweet.
The present study also found that Black children and adolescents preferred a more concentrated sweet taste sensation than did White children, and this difference persisted even when gender and socioeconomic variables such as family income and parental education were covaried. Several hypotheses, not mutually exclusive, are presented. First, that these differences appear early in life suggests genetic variation in taste receptor genes as an underlying factor (Fushan et al. 2009 (Fushan et al. , 2010 . Second, Black children and adolescents preferred more concentrated sweetness in series 2 than series 1, which may reflect differences in short-term taste adaptation after exposure to sweets (Schiffman et al. 2000) . That is, there may be a gradual decline in the magnitude of the perceived taste intensity following repeated samplings of the sweet-tasting solutions during the tracking procedure, leading to preferences for more concentrated sweetness over time (Lawless 1982; Schiffman et al. 1994 Schiffman et al. , 2000 . Whether the race/ethnic differences in allelic polymorphisms in the TAS1R3 promotor (Fushan et al. 2009 (Fushan et al. , 2010 contribute to these differences is unknown. Third, the practice of feeding sugar water during infancy, which is prevalent among urban Black mothers (Parraga et al. 1988) , has been associated with heightened sweet preferences during later childhood . Although the race/ ethnic differences in sucrose preference did not persist into adulthood, Black women preferred sweeter cereals than did White women (even with income and education used as covariates) perhaps reflecting established cultural food habits in older participants.
We acknowledge several limitations in the present study. First, although agreement between preferences measured in each of the series was high, and the regression analyses showed similar patterns of results using 1 versus 2 series, this wasn't the case for the effects of race/ethnicity on sucrose preferences in children and adolescents. Thus, for analyses of relationships between sucrose preference and race/ ethnicity, 2 series are necessary for these age-groups. However, we caution that using only one series does not allow investigators to control for position bias, which is an important consideration for testing of children. Second, although we found associations between body weight, race/ethnicity, and income, the multicollinearity makes it difficult to separate these variables as they relate to sucrose preference. Furthermore, even if future studies use targeted recruitment procedures (e.g., recruiting various ethnic groups that are stratified on income, education, and body weight), there is still the possibility that some other unknown covariates could underlie racial/ethnic differences in sweet preferences among children and adolescents. Third, we acknowledge that other factors (e.g., marketing to children and adults) could contribute to the heightened sweet preferences in children and adolescents. Research is needed to determine whether the agerelated differences in intensity of sweet taste most preferred insolutions,cereals,andbeveragesreflectsacommonbiological drive among children for sweet tastes or whether the marketing ofsweetenedfoodsaffectsfood choice (seeRobinson etal. 2007 ) and, in turn, sweet preferences.
Summary and future directions
The forced-choice paired-comparison tracking procedure is a reliable and quick method for assessing taste preferences from childhood to adulthood in an ethnically/racially diverse population. The test is reasonably stable across trials and shows externally validity with respect to multiple criteria. We anticipate that a single series will yield useful information about taste preferences in future studies, but use of the longer (but still brief) 2-series version should be considered where differences in race/ethnicity and short-term adaptation are of interest. Additional research is needed to determine its usefulness in other race/ethnicity groups, the elderly and populations with language and cognitive impairments and by examining other outcomes of interest, such as measures of dietary habits.
Much like excess sugar consumption has been implicated in metabolic syndrome and diabetes (Ferder et al. 2010) , excess salt consumption has been implicated in serious health problems, particularly hypertension and cardiovascular disease (Hooper et al. 2004) . In light of evidence that adult salt preferences are strongly influenced by early experiences (Stein et al. 2006) , this tracking method takes on particular significance because it was originally developed to measure salt preferences Cowart and Beauchamp 1990 (Henney et al. 2010 ) has more recently recommended that the food and drug administration set mandatory standards to gradually reduce the amount of salt added to prepared foods and that more research on salt taste preference, particularly in children, is a priority. Thus, the present method should be used to study salt preferences in a manner similar to that done here for sweet preferences to determine its usefulness in examinations of populationwide reductions in preferences that are expected to occur as a result of a lowered salt environment. 
